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GERMINATION AND STORAGE OF 
APPLE SEEDS 
By A. L. BAKKE, H. W . RICHEY AND KENNETH REEVES 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
BOTANY SECTION 
Ames, Iowa. 
SUMMARY 
Apple seeds will not germinate immediately after the fruit 
has become mature enough for picking. It is necessary for the 
seed to pass thru a stage of after-ripening. 
The freshly extracted apple seed contains about 85 percent 
moisture. At room temperature approximately one-half of the 
moisture is lost during the first five days. 
Soaking the seed prior to planting does not increase germi-
nation. 
Ninety-one percent of apple seeds prevented from drying ont 
when they were extracted from the fruit germinated. The best 
temperature for storage was found to be a temperature between 
1 0 and 30 C. Seeds which had air dried germinated poorly 
in all cases. 
Apple seeds which had been air dried and kept for a year did 
not germinate. 
Apple seeds may be planted any time after Nov. 1. Where 
seeds are to be shipped long distances, special precaution must 
be made to keep the seeds from deteriorating. 
The seed coat is not a factor in causing delayed germination. 
GERMINATION AND STORAGE OF 
APPLE SEEDS 
By A. L . BAKKE, H. W. RICHEY AND KENNETH REEVES. 
It is generally known that the apple seed does not germinate 
at the time of harvesting under conditions considered as suit-
able for growth. Some time elapses before the after ripening 
period is completed. The after-ripening process may include 
either a transition in the seed coats, an alteration in the embryo 
itself, or both-changes which may be either physical or chemi-
cal. 
Nurserymen recognize that apple seeds must be treated dif-
ferently from many other commercial seeds before germination 
begins. Apple seeds are often placed in sand and exposed to 
the low freezing temperature of winter. This practice is called 
stratifying. Sometimes they are soaked and stored at a tem-
perature slightly above freezing. The general opinion, how-
ever, is that the seeds must first be frozen. In nursery practice 
air dry seeds of French Crab, Vermont Seedlings or cider 
pomace are planted after being soaked and stratified, or else 
sown as soon as they are obtained in the fall. 
With these methods of seed storage a stand of 20 to 50 per-
cent is considered satisfactory. No method has previous to this 
time been developed to an efficiency which insures a high per-
centage of germination. In the present study, with attention 
directed to moisture and temperature in storage, a more satis-
factory method has been found. The amount of moisture at 
which germination would most readily take place has been dis-
covered and applied to the methods already in use. 
REVIEW OF PREVIOUS WORK 
The conditions which are successful in the germination of 
the apple seed are n?t necessarily associated with a freezing 
t~mp~rat~re for Davls and Rose (6) point out that the after-
rIpemng m the hawthorn (Crataegus mollis) takes place at 
low. temperatures (5° to 6° C.). If the seeds are removed from 
theIr carpels and kept moist at a temperature of 5° to 6° C 
the latent period may be shortened 10 to 12 weeks. Eckerso~ (~) s~ows that a temperature of 5° or 6° C. produces the after-
ripenmg status necessary for seeds of the hawthorn , 
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provided the seeds are kept moist. Jones (12) III his 
study of maple seeds also points out that a temperature 
about 5° C. is the optimum after-ripening temperature for those 
seeds. If the seeds are allowed to desiccate at higher tempera-
tures, then vitality is lowered until the embryo fails to respond 
when placed under favorable germinating conditions. After-
ripened seeds placed at 5° C. and kept saturated by snowpacks 
will retain their initial vigor for some time. 
Delaven (7 ) using Cm'ya glab1'a, C. ovata, C. cOTdifo1'1nis, 
Qtte1'CUS alba, Q. rnacrocarpa, Q. bicolor, Q. rubm, and Q. v eltt-
tina, seeds, comes to the conclusion that for storage a cold tem-
perature even if the atmosphere is exceedingly moist is better 
than a warm dry storage environment. The fact that many of 
the seeds of Qne1'CttS alba had germinated at the time the seeds 
were cDllected, indicates the importance of the retention of mois-
ture during the after-ripening process. 
Chambliss (2 ) working upon the production of wild rice, finds 
that it is absolutely necessary to keep the seeds moist and at a 
low temperature. The safest method is to put the wet seed in 
cold storage or to store it out doors at a temperature near freez-
ing so that fermentatioh will not occur. Where a small quantity 
of seeds is needed, it may be stored in receptacles which are se-
curely anchored at the bottom of the stream in which the plants 
are to be grown. The seed may be shipped in a dry state during 
the first two weeks after harvest with a very small loss in vitality 
when packed in dry sphagnum. For late fall, winter or spring de-
liveries, the seeds must be transported in the wet state either in 
vessels containing water or in moist sphagnum. 
Rose (17) demonstrates that Tilia seeds after-ripen and ger-
minate at t emperatures slightly above freezing. At 0° to 2° C. 
the seeds after-ripen but do not germinate. At 4° to 6° C. after-
ripening' and germination both took place. 'rhe experience of a 
nursery man who has had years of experience in the growing of 
trees and shrubs says that if Tilia seeds are allowed to become 
dry between the time of maturing and the time of stratification, 
a low percentage of germination results. On the other hand, if 
a high moisture content is maintained during this period, a high 
percentage of germination may be expected. In the case of Sam-
bucus nursery men claim that stratification r esults in almost 
perfect germination if the seeds are not allowed to become dry be-
tween the time of maturing and the time of treatment. 
Kidd and West (14) present information to the effect that 
soaking is detrimental to both germination and subsequent 
growth of the pea (Pisttm sativttrn ) , dwarf bean (PhaseoZttS vttZ-
gat'is ) , barley (Hordeum ) and the sunflower (H eZianthus an-
nuus) ,. even tho the time necessary for germination is apparently 
shortened. Tillotson (18 ) finds that coniferous seeds stored in 
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airtight containers remained viable longer than those in any 
other container which he tested. 
Harrington (10) and Harrington and Rite (11) secured the 
greatest germination when the seeds were stored moist at a 
temperature slightly above freezing. It was immaterial 
whether they were removed from the fruit or kept in cold stor-
age in the fruit. After ripening took place as rapidly in- .the 
fruit as it did when the seeds were extracted from the pulp. 
The seeds did not after-ripen satisfactorily in dry storage or 
when kept moist at a temperature of 20° C. or above. A low 
temperature (5 0 _10 °C. ) for a period of about two months 
was necessary. Freezing did not bring about germination. 
EXPERlil1ENT AL STUDIES 
From the evidence derived from the work previously carried 
on and from nursery practice, it is clear that two factors, mois-
ture and temperature, are of utmost importance in causing 
germination to take place. 
In the present study on the germination of the apple seed, at-
tention then has been directed primarily to the question of 
moisture and temperature. An attempt was made to ascertain 
the exact amount of moisture necessary to cause the most effec-
tive after-ripening. 'l'he experimental work was undertaken 
with a view of ascertaining storage temperature which could 
be advocated in commercial practice. 
MATERIALS AND METHODS 
Seeds were obtained from two different sources: from Ver-
mont, and from the State Orchard at Ames, Iowa. One ship-
ment of the Vermont seed was secured in 1922 and stored dry 
in a tight container at room temperature. The second lot of 
Vermont seed was received November 13, 1922, a short time 
prior to the time active experimentation was begun. rfhe sec-
ond consignment had not been air dried and as a result had fer-
mented enroute, leaving the seed in rather poor condition. 
'l'he seeds from the local orchard of the Pomology Section of 
the Iowa Experiment Station were fr-om seedling stock trees of 
Ben Davis X Mother. The fruit was crushed in a cider mill, 
was then emptied into a pan of water and stirred for a short 
time to free the seed from the pulp so that it could settle at the 
bottom of the container. 'l'he seed was also thoroly washed 
afterwards. One portion of the local seed was air dried, while 
the remaining part was not allowed to become dry before be-
ing placed in storage. 
Uniform, plump seeds were inserted directly into unstop-
pered glass vials which were deposited in quart fruit jars. To 
• 
• 
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provide a dry environment, calcium chloride was used while a 
layer of moist cotton gave the necessary humid condition. In 
all cases a wire shelf was provided so as to keep the vials and 
the seeds from coming in direct contact with the saturated cot-
ton or the calcium chloride. 
After the seeds had been exposed to the conditions desired 
they were planted in seed fiats, in soil composed of three parts 
of compost and one part of sand. The seeds were covered with 
one-half inch of sand. The fiats were kept in a cool green-
house where the temperature was between 10° and 17° C. 
Plantings of twenty seeds each were made every fourth week 
from the time the seeds were taken from the fruit: five samples 
from each type of storage were planted. One sample was re-
moved to the laboratory where the moisture \ content was de-
termined. 
The conditions of storage were arbitrarily chosen and were 
as follows: 
1. Room temperature, 2. Common fruit storage (5 ° to 
10° C.), 3. Fruit refrigeration (1 0 to 3° C.), 4. Refrigeration 
below freezing (0° to _2° C.) . This was secured by placing 
the containers of an ordinary ice cream freezer with a brine 
mixture inside of fruit refrigeration chamber (3). 5. Variable 
temperature, (-25 ° to 10° C.). 
For all moisture determination the seeds were dried in a 
vacuum oven. 
LOSS OF WATER IN AIR DRYING 
Recognizing the possibility of the importance of water in 
germination it was deemed advisable to determine the amount 
of water lost from freshly removed seeds held at room tempera-
ture in order to ascertain how long it would be safe to trans-
port seeds. The proper amount of water elimination of intact 
fresh seeds was followed for: 4, 5, 7, 11, and 21 days. Per-
centages were calculated on basis of dry weight. The data are 
gi ven in table I. 
The fresh seeds, with an initial moisture of 84.79 percent, 
lost approximately one-half of that moisture during the first 
TABLE 1. MOISTURE LOSS FROM APPLE SEEDS RECENTLY EXTRACTED 
AND SUBJECTED TO ROOM TEMPERATURE 
Duration of Dry weight of Loss of weight Percent loss 
exposure seeds (grams) (grams) 
2.701 2.289 84 . 79 
4 days 3.192 1. 801 56.44 
5 days 4.232 1. 758 41.53 
7 days 3.972 1.008 25.42 
11 days 4 . 554 0.450 9.88 
21 days 1.485 0.113 7.60 
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TABLE II. GERMINATION OF UNSOAKED AND SOAKED APPLE SEEDS 
PLANTED FEB. 24 
Storage condition . I No. of seeds germinating I Percent 
Common fruit 
Storage 
5° to 10° C. 
Fruit 
Refrigeration 
1 ° to 3 ° C. 
Refrigeration at 
and below zero OOto-2°C. 
Storage 
room temperature 
Variable temperature 
(out of doors) 
10° to - 25 ° C. 
I Mar. 3 I 7 I 10 I 13 I 17 I 20 I germination I Soaked I - I 6 I 13 I 14 I 17 I 17 I 85 
(otsoaked l - 1 3 112114 117 1 17 185 
I Soaked I 2 I 7 I 10 I 13 I 15 I 15 I 75 I Not soaked I 4 I 9 I 14 1 15 1 16 117 I 85 
I ;:;osked I - I 2 I 5 I 9 I 10 I 10 I 50 I Not soaked I -I 2 II 3 I 5 I 7 II 8 I 40 
I Not soaked I o 
I Soaked I -1-1 - I - I -I -I o I Not soaked I o 
five days; in 11 days the water content was reduced to 9.88 per-
cent and in 21 days to 7.60 percent. 
Attention should be given to the moisture content of the seed 
when air dried as well as to the water content of the seed at the 
time when it was removed from the fruit. During the early 
period of water evaporation the temperature would certainly 
vary. As the moisture decreased the resistance to water loss 
would be increased. 
SOAKING SEE'DS BEFORE PLANTING 
Soaking seeds previous to planting has been done extensively 
as it was thought that germination would be increased. To de-
termine adequately whether this practice produced the desired 
results, some seeds were taken from each storage location and 
divided into two parts. 'l'he first part was returned to storage 
while the other was soaked in distilled water at room tempera-
ture for 20 hours. On the following day the soaked and un-
soaked seeds were planted in the same way as the other seeds 
on F ebruary 24. The time period involved and the total per-
centage of germination are given in table II. 
In the data given in table II the seeds which were placed in 
common fruit storage (5° to 10° C.), had a total germination of 
85 percent. At the observation periods the number of seeds 
germinating was about the same. 'l'he only extensive devia-
tion was at the time or the first reading, March 7. At the fruit 
refrigeration temperature (10 to 3° C.) the seeds which were 
not soaked had the higher germination at each period of ob-
servation. The total germination was 15 for the soaked and 17 
for the unsoaked seeds or 75 and 85 percent, respectively. 
Where the storage temperature was 0° to _2° C. the soaked 
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TABLE III. DATA SHOWING THE MOISTURE CONTENT OF APPLE SEEDS 
AITER BEING PLACED IN STORAGE, AND AT TIME OF PLANT-
ING WITH RESULTING GERMINATION PERCENT 
Percent 
Place of storage and condition I 
Kindofseedll Time of detzrminat ion 
of percent moisture \ 
germi-
nation 
Room 
Temperature 
Common fruit 
storage, 5° to 10° C. 
Local 
Moist 
Vermont 
Local 
Dry 
Vermont 
Local 
\ Jan. 6 I Jan. 27 I Feb. 24 1 
I 95.721111.10 I 95.251_2_2_.0_0_ 
1 108.90 1126.20 1 138.40 I 0.00 
i 2. 79 1 2. 42 1 2.141_6_.0_0_ 
1 8. 27 1 7. 87 1 6. 49 1 0.00 
II 99.071115.30 I 69.56 II 62.00 Moist 1 _______ I-v-e-r-m-o-n-t-:II'-5-4·-.-3-3 11~~~r 88.01 I ~~~-
1 3. 59 1 3.81 1 4.05110.00 Local 
Dry I-v-e-rm-on-t- I-~~~T~::T-~ I-;;~o-
--------1-------
/
1 100.10 II 95.791 85. 54 1 91.00 
Fruit 
Refrigeration 
1 0 to 3 0 C. 
Refrigeration below 
zero, 0° to _2° C. 
Variable temperature 
10 0 C. to _2'5 0 C. 
Local 
Moist 
1 _______ , v-er-m-o-n-t-I~3;1~ I~ 1 12.50-
I 4. 68 1 4.50 I 4.331 14 . 00 Local 
Dry -ve-r-m-o-nt-+-1-8-.4~ I~ 1 ~ I ~ 
Local 
Moist 
I 94.00 1 88.261100.34166.00 
I-----!-I 55.80 I 35.30 I 60. 34 1 5.00 
-------1----_+_--___.;_--.......,.-----;---
Vermont 
i 6.771 8. 05 1 5.70 I Local 0.00 
Dry 
Vermont 1 10.181 8.271 7.51 I 0.00 
Moist 
12.00 Local I 93.68 i 96.80 i 94. 24 1 
I 81. 96\ 66. 75 1 37.00 I 
--------I----~---+------.;---.......,.---I 5. 54 1 4. 04 1 3.62 I 
2.50 Vermont 
Local 3.00 
Dry 
Vermont \ 9.91 I 8. 13 1 5.63 \ 1.25 
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seeds gave the higher germination. The seeds stored in the 
room and stored out of doors did not germinate. From these 
results it would seem that little if any benefit would be gained 
by soaking. 
RELATION OF MOISTURE CONTENT TO THE PERCENTAGE 
OF GERMINATION 
It was thought that there might be a definite relationship be-
tween the amount of moisture in the seeds and the percentage 
of germination. The moisture content was determined when 
the seeds were placed in storage and at the time of planting. 
One-half of the seeds were used for germination tests and the 
other half in the determination of the moisture content. 
From the observations in table III, the seeds kept moist gave 
the highest germination. However, the seeds stored moist at 
temperatures of 5° to 10° C. and 1° to 3° C. gave the highest 
germination. At the fruit refrigeration temperature 91 percent 
of the seeds grew. Even at this temperature 14 percent of 
the seeds stored dry, grew. However, the dry seeds had a con-
sistently low percentage of germination. It is to be noted that 
the highest germination is closely associated with a high ab-
sorption with the exception of the seeds kept at room tempera-
ture. In these particular tests the Vermont seeds did not have 
as high a percentage of germination as the seeds secured 
locally. 
RELATION OF THE TIME OF PLANTING TO GERMINATION 
In the tests to ascertain the effect of time of planting 120 
seeds were selected from each condition of storage, both dry 
and moist. In these series both local and Vermont seeds were 
used. The times for plantings were arbitrarily selected, Nov. 
3, Dec. 1, Jan. 6, Jan. 27, and Feb. 4. In the case of the local 
seeds the plantings for Jan. 6 were disturbed so that the data 
could not be used. 
The data as derived where the time of planting was consid-
ered, both for local and Vermont seeds, show that the local 
seeds are superior in germination to those obtained from Ver-
mont. The highest germination, 93.75 percent, took place at 
the fruit refrigeration temperature. The storage condition 
where the temperature was at or below zero gave a germination 
of 71.25 percent; seed stored at common fruit storage tempera-
ture had a germination of 56.25 percent. In the case of the 
dry seeds, the highe<;t germination occurred also at the fruit 
refrigeration temperature. 
It is recognized that the data were not obtained early enough. 
At any rate the results show that it does not matter materially 
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TABLE IV. EXTENT OF GERMINATION FOR LOCAL AND VERMONT SEEDS 
UNDER DIFFERENT CONDITIONS OF STORAGE, PLANTED AT 
DIFFERENT PERIODS 
Place and 
condition 
of storage 
I I No. of seeds ::;crminating at I Total no./ Kind of different plantinllB of seeds Percent 
seed Nov.1 Dec. 1 Jan.' Jan. 1 Feb .1 germi- germ ina-
3 1 I 1 I 27 24 nated tion 
, I 
\ 
, I I , Local I 9 , 3 - I 10 0 , 22 , 26.25 
Moist 
, , , , 
, , , 
\ I , ! Room Vermont { 0 , 0 , 0 0 0 I 0 0 tempera- -- I , , 
ture I I 
, 
II I I ~ Local 2 3 I, - 1 0 6 7 . 5 , 
Dr:! , , , I , , , 
Vermont , 0 , 0 , - , 0 I 0 i 0 I 0 
--
, , , , 
, 
\ 
, 
I ! 
, 
! Local I 11 6 I - 11 17 I 45 56.25 Mois t , I , I , I II , \ Common Vermont I 
- I 1 , 0 , 4 4 I 9 11 . 25 frut , , , , storage --
5· to 10·C. , , , I , , \ Local , 6 I 4 , - I 0 , 0 , 10 12 . 50 , , , , , I 
Dry , , , 
'I I 
, , 
Vermont I 0 
I 
0 I 0 0 0 I 0 , 0 I 
-- I , , , ) 
, , 
Local I 19 I 20 , - I 20 16 , 75 I 93.75 , 
Moist , 
\ ! I , \ Fruit Vermont ' - 1 1 4 4 , 10 12.50 
refrigera- --
, , , , 
tion 
, , , 
! I ! 1· to 3 · C. Local , 8 , 1 - , 5 0 14 16.25 , , , 
Dry , , , 
I \ I Vermont / 0 , 0 0 I 2 0 2 2.6 , , , , 
I I \ \ I 
, 
\ Local 16 , 16 - 16 I 9 I 57 71.25 Moist , , I I Refrigera- , , , I, I i ! tion at and Vermont , - , 0 I 0 1 3 4 5 . 00 below zero 
--
, , , 
O· to - 2·C. , , , ! , , ! Dry Local I 0 , 0 , 0 0 I 0 I 0 0 . 00 , I , 
, , I , , I , 
Vermont ' - , 0 
" 
0 
I' 
0 
I' 
0 
" 
0 , 0 . 00 
--
, , I 
I , , I I I I 
Local I 9 I 3 I - I 0 I 0 I 12 I 15.0<) . Moist I I I I 
I I 
\ \ \ 
I 
\ Variable Vermont I - I 1 - 1 0 I 2 2 . 50 tempera- I , I I I ture --
10· to I \ \ 
I I I ! -25 ' C. Local I 3 0 - I 0 0 I S 3.75 Dry I I I 
I 
\ 
I I I I I Vermont I - - I 0 1 0 1 I 1.25 I I I 
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TABLE V. GERMINATION OF APPLE SEED KEPT FOR ONE YEAR COMPARED 
WITH GERMINATION OF FRESH SEED 
Description I Date I No. of I I Total 
of seed I planted I seeds Method I Beginning of I germination 
I I I germination I (Number) 
I I I 1 
Fresh seed I Oct. 6 I 50 Flat I March 1 I 22 
I 
6 I I I One-year-old seed I Oct. 25 Flat I I 0 
I I I I Fresh seeds I Nov. 18 I 40 Petri dish I 0 
I I I I Fresh seeds I Nov. 25 I 40 Petri dish 0 
I 
12 I Fresh seeds I Nov. 150 Petri dish March 15 11 
when the planting is done after Nov. 3. On Nov. 3 all the seeds 
but one germinated; on Dec. 1 and Jan. 27 all seeds grew, 
while on Feb. 24, 16 out of the 20 developed. From this it 
would appear that plantings might be made at any time after 
Nov. 1 to secure a high percentage of germination. 
GERMINATION OF ONE-YEAR-OLD SEED STORED IN TIGHT 
CONTAINE'R AS COMPARED WITH FRESH SEED 
Seeds are often stored in tight containers. The advisability 
of using fresh seed instead of seed which had been kept from 
the previous year was considered in the next series of experi-
ments. The viability of the seeds was tested by the usual petri 
dish method and by planting the seeds in soil covered with a 
thin layer of sand and keeping the fiats in a cool greenhouse. 
The data derived are given in table V. 
From the data given in table V, which are somewhat meager, 
it is evident that the germination of the fresh seeds was ex-
tremely low, only 44 percent. No explanation can be given as 
to the cause of this. However, with the stored seeds there was 
no germination. It is also clear that the ordinary petri dish 
or laboratory method of germination is not satisfactory to test 
out the viability of apple seeds. 
EFFECT OF TIME OF PLANTING UPON THE RATE 
GERMINATION 
In the germination studies upon the apple seed, it was found 
that the seed would not germinate as soon as the fruit was ma-
ture for packing. However, on storage, the process of after-
ripening took place and within certain limits of time, the seed 
stored for the longer period did not require as long a time to 
germinate as the seed planted earlier. The data given in table 
VI have brought out this feature. 'rests were made upon both 
fresh and dry seeds obtained directly from fruit in storage. 
Plate 1. Developm ent of seedlings. Flat No. 1, 76 days, No.2, 55 days, a nd No.3, 34 days after planting. Seedlings from seed stored 
either moist or dry at 1 0 to 3 0 C. were considerably in advance of all others. 
Plate II. Seedlings shown in this illustration are further advancej than those of Plate 1. Nos. 1, 2, and 3 show growth 118 days, No.4, 
97 days , and No.5, 76 days after planting. 
l\:) 
<:.n 
l\:) 
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TABLE VI. NUMBER OF DAYS NECESSARY FOR GERMINATION TO TAKE 
PLACE UNDER THE DIFFERENT CONDITIONS OF STORAGE; 
, SEED WAS PLANTED AT DIFFERENT TIMES 
Place and" condi tion of 
storage 
Room temperature 
Common fruit storage 
5° to 10 °C. 
Moist 
Dry 
Moist 
Dry 
Moist 
I No. of days necessary for germination for 
I seeds planted at different times 
I Nov.3 I Dec. 1 I Jan.27 I Feb. 24 
IFirstl Last I Firstl Last I Firstl Last I Firstl Last 
1 62 1 127 I 45 1 -I 35 1 451 - I -
I 62 1 108 i 68 1 -I 52 1 -I - I -
1 74 1 96 1 68 1 106 1 -I - I - \ -
III 24 \ 130 \ 23 II 80 \ 14 \ 23 1/ 7 \ 24 
Fruit refrigeration I I I I I 
____ 10_ t_o_30_C_. __ I-D-ry----+1-6-1 +-1-12-4--+1-88--+-1- -----!1-3-5 ~I-- 4-9 1 _ I -
Refrigeration at and 
b210w zero 
0° to - zoC. 
Moist I 25 1 130 I 33 1 68 1 23 1 35 1 11 I 24 
Dry I - \ -I -I - I _I--=- I-= '\'--=-
-------------- ------TI--+I--~I--~I~_TI __ ~I __ I 
1 61 1 130 1 45 1 -1 -I -I--=-I--=-Variable temperature 
(Out of doors) 
10 ° to - 25°C. 
Moist 
Dry 
1 73 1 -\ -I - I - I--=-I-=r-=-
From the data submitted in table VI the seeds kept from 
drying out germinated sooner in all cases with the exception 
of the first planting on Nov. 3. Thruout it was found that in 
nearly every case the seeds that were planted after the first of 
the year did not take as long to germinate as those planted 
earlier. Altho the total percentage of growing seeds is not 
given, still the seeds stored at a temperature between 1 0 to 30 C. 
gave the best results. 'fhe number of dry seeds which 
grew was very small, which in itself called attention again to 
the advisability of using seed which had not had an oppor-
tunity to dry out. 
SEED COAT AS A FACTOR IN DELAYED GERMINATION 
Delayed germination, according to Atwood (1) and Crocker 
(3, 4, 5), may be a seed coat character. To secure evidence of 
this fact seeds of the apple were placed in various concentra-
tions of sulfuric acid ranging from concentrated acid to a solu-
tion of 0.8 percent for a period of one hour. One set had th~ 
seed coats removed mechanically, another set was scarified by 
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filing. The seeds were removed from the fruit and within two 
days were treated with the acid. After the seeds had been sub-
merged in acid they were removed and carefully washed. The 
temperature used was about 22° C. The results secured were 
as follows: concentrated sulfuric acid, 12 percent; 50 percent 
sulfuric acid, 12 percent; 0.8 percent sulfuric acid, 10 per-
cent. From the limited number of studies upon the effect of acid!:> 
as well as the removal or scarification of the seed coat, it is evi-
dent that the seed coat is not concerned directly in the after-
ripening process of the apple. Whether the process involved 
in the apple seed is one of accumulated oxygen or whether cer-
tain inhibitors are present was not ascertained. 
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